In this study, cellulose was obtained from rice straw by dewaxing with Soxhlet extraction and treating with sodium hydroxide and hydrogen peroxide. The obtained cellulose was used to successfully fabricate cellulose aerogels with a binder by freeze drying technique. The materials were then functionalized with methyltrimethoxysilane (MTMS) to achieve hydrophobicity. The morphology, pore structure and other properties of the aerogels were characterized by scanning electron microscopy (SEM), X-ray powder diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), thermogravimetrical analysis (TGA), thermal conductivity and water contact angle (WCA) measurements. The rice straw cellulose aerogels exhibited very low specific density (0.0412-0.0470 g/cm 3 ), high porosity (> 96 %), superhydrophobicity (WCA > 137 o ) and low thermal conductivity (0.034-0.036 W/(m.K)). The aerogels showed good oil adsorption capacity of 15.66-16.09 g/g.
INTRODUCTION
In the condition of global warming, thermal insulation in buildings and plants is the major concern which affects manufacturing and human beings. ) [1] . However, these current materials can not adapt to the environmental requirements such as biodegradability. Aerogels, with high porosity [2] , super low thermal conductivity [1] , and extremely light weight [3] , have been found to be the innovative alternative material for various applications, for instance, thermal insulation, oil spill adsorption, catalysis, etc. Traditionally, they are derived via sol-gel paths, in which the liquid in hydrogels is replenished by gas (usually air) via drying step to obtain highly porous solids, which possesses porosities of 90 to 99 % [4] . Hence, most aerogels exhibit extremely low densities which range from 0.0011 to ~0.5 g.cm -3 and are considered as the lightest material [5] .
Rice straw is an abundant source of biomass. However, it is generally not used effectively. Most of the rice straw is burnt in the field after harvest. This causes air pollution [6] . Therefore, there is a high demand to convert rice straw into useful products. In our work, we used rice straw as the raw material to fabricate cellulose aerogels. The prepared aerogels showed good thermal insulation, water repellency and oil adsorption properties.
EXPERIMENT

Materials
Rice straw was collected from Tien Giang Province, cleaned and dried. Cationic starch was purchased from supplier in Vietnam -Thuan Phat Hung. Toluene and ethanol were purchased from Xilong Chemical. Polyvinyl alcohol (PVA) was purchased from Merck, methyltrimethoxysilane (MTMS), NaOH and H 2 O 2 were purchased from Sigma-Aldrich. All chemicals were used without further purification.
Preparation of cellulose from rice straw
The straw was crushed into powder and dried at 60 o C for 24 h, then the dried powder was extracted with toluene -ethanol (2:1, v/v) with a Soxhlet extractor for 6 h. The dewaxed rice straw was then treated with sodium hydroxide: 5 g of dewaxed powder was stirred with 1g of sodium hydroxide (NaOH) and 1 litter of water for 5 h at 90 o C. The solution was filtered and dried overnight at 80 o C. The dried material was treated with hydrogen peroxide (H 2 O 2 ) in alkaline solution: 5 g of pretreated rice straw was combined with 7 ml of H 2 O 2 (30 wt.%) in 100 ml NaOH (0.01 M) at 70 o C for 5 h. The purified cellulose was washed carefully with distilled water to remove contaminants and dried at 60 o C.
Preparation of cellulose aerogels
The rice straw cellulose powder was vigorously stirred in 5 minutes with water to form a 3 wt. % cellulose suspension. A reinforcement agent (polyvinyl alcohol or cationic starch) was added into the suspension. The mass ratio of the reinforcement agent and cellulose is 30 %. The suspension was then sonicated for 10 min to form a homogeneous solution prior to freezing at -5 o C for 12 h. The frozen sample underwent a freeze drying process to obtain the rice straw cellulose aerogel (RSA).
Hydrophobic coating for cellulose aerogels
The cellulose aerogel samples were placed in a glass box. A small open glass vial containing MTMS was put inside the box. Then the glass box was tightly covered and heated in an oven at 70 o C for 5 h. At last, the glass box was open and placed in a vacuum oven to remove the excess MTMS.
Characterization
Morphologies of aerogel samples were investigated by using scanning electron microscopy (SEM) with a Hitachi S4800 scanning electron microscope operated at 5 kV.
Structures of the samples were examined by X-ray diffraction (XRD) technique with a D8 Bruker AXS X-ray diffractometer (CuK radiation, 40 kV, 20 mA, 2 range of 5-30•, scan rate 0.025•/s).
The aerogels were characterized using a Nicolet 5700 Fourier transform infrared spectroscopy (FTIR, Thermo Electron Corp., USA) ranging from 4000 to 400 cm -1 at a resolution of 4 cm -1 using KBr disk method.
Thermal stability of the samples was analyzed by thermogravimetric analysis (TGA) technique on a Shimadzu DTG60H.
Thermal conductivities of the samples were measured at room temperature using a C-Therm TCi Thermal Conductivity Analyzer (C-Therm Technologies, Canada).
Hydrophobicity of the aerogels was determined by measuring water contact angle (WCA) of the MTMS-coated samples. The test was carried out on a VCA Optima goniometer (AST Products Inc., USA).
Calculation
Bulk density of aerogels was calculated by measuring diameter, thickness and weight.
Porosity value was calculated theoretically using this equation:
Herein: d: bulk density of sample; : true density of crystalline cellulose (1.5 g/cm 3 ).
Oil adsorption capacity of the samples was calculated using the following equation:
where: Q (g/g) is the adsorption capacity; m 1 (g) is the dried weight before adsorption test of the samples; m 2 (g) is the final weight after adsorption test. Figure 1a shows that rice straw exhibits an extremely complicated matrix of cellulose and other impurities such as lignin, hemicellulose, etc. In contrast, Figure 1b reveals a cellulose fibre structure after treatment with NaOH and H 2 O 2 , this is due to the effective removal of contaminant contained in rice straw. Furthermore, with the existence of binders (PVA and cationic starch), the obtained rice straw cellulose aerogels (RSA) have 3D networks, as shown in Figures 1c and 1d . The rice straw cellulose aerogel specimens without binder, with PVA and with cationic starch have very low specific densities of 0.041, 0.047, 0.046 g/cm 3 and high porosities of 97.2, 96.9, 96.9 %, respectively.
RESULTS AND DISCUSSION
Morphology and physical properties
XRD results reveals the difference in crystallinity of rice straw and extracted cellulose from rice straw, which indicates the removal of the waxy layer, lignin and the exposure of more cellulose during mechanical and chemical treatment. I 200 represents both crystalline and Poro amorphous material while I AM represents amorphous material only [7] . Therefore, the crystallinity is the difference in value of I 200 and I AM (I 200 -I AM ); hence the degree of crystallization of rice straw is the ratio of I 200 -I AM and I 200 . Figure 2 shows that crystallinity of the extracted cellulose is significantly high, in contrast, X-ray pattern of un-pretreated rice straw has the plateau trend which indicated lower crystallinity of raw material compared to the extracted cellulose. Figure 3 shows FTIR results. In general, the presences of peaks at 1430, 1158, 1109 1025, 1000 and 970 cm -1 are typical absorption peaks of cellulose [8] , which are observed in the spectra of both un-pretreated rice straw and aerogel specimen. The broad band in the 3600-3100 cm -1 region reveals the existence of -OH stretching vibration. These -OH stretching peaks are observed at 3290 cm -1 and 3292 cm -1 for rice straw and rice straw aerogel sample, respectively. Also, the peak at 2849 cm -1 for both samples is attributed to the C-H stretching. Besides, similar peak appearing at 1644 cm -1 is due to the adsorbed water. The peak at 1513 cm −1 in the rice straw sample is the evidence of the presence of aromatic C=C stretch of aromatic vibrations in bound lignin. Furthermore, the bands at 1452 and 1318 cm -1 in raw rice straw spectrum and 1425 and 1315 cm -1 in the aerogel spectrum are attributed to the asymmetric -CH 2 bending and wagging. Additionally, the spectral value of aerogel specimen is much higher than rice straw sample because of addition of PVA and the purity of extracted cellulose. The peak related to the existence of -C-O-C-stretch of the β-1,4-glycosidic linkage in cellulose is also detected at 1158 and 1159 cm -1 for un-pretreated rice straw and rice straw aerogel, respectively. In addition, peaks are observed at 1033 and 1051 cm -1 for raw rice straw and rice straw aerogel, respectively showing C-O-H groups of alcohol. Moreover, raw rice straw has lower intensity in spectrum which is due to the presence of non-cellulosic constituents [8] . The presence of peak at 897 cm -1 for both specimen spectrum is assigned to -C-H in position ring stretching in cellulose due to β-linkage [8] .
Thermal properties
In Figure 4 , the weight of rice straw (RS) and extracted cellulose (PRS) starts to slightly decrease around 70 o C due to removal of moisture. In fact, rice straw cellulose aerogel with PVA binder (RSA-PVA) performs better waterproof proving by smaller amount of moisture removal. This is due to the existence of PVA, OH group of PVA generates hydrogen bond connecting to cellulose structure and exposes the alkyl side which is water resistant. After removal of moisture, the temperature keeps increasing until decomposition point of lignin which is composed of mostly aromatic rings having various branching, these chemical bonds lead to a wide range of degradation temperature at the initial temperature of 100 o C [9] . Consequently, raw rice straw degrades around 185 o C while degradation temperature of PRS, RSA with PVA is around 215 o C because of the efficient removal of lignin in pretreatment step. Besides, weight of all the samples significantly decreases when the temperature achieves about 250 o C due to cellulose decomposition point. In Figure 4 , the maximum decomposition temperature is 450 o C, 484 o C and 535 o C for RS, PRS and RSA with PVA, respectively. The difference can be explained by the increase of concentration of cellulose while the discrepancy between PRS and RSA with PVA is due to the presence of PVA. Furthermore, the tails of pyrolysis curve of RS remain at value about 17 % whereas curves of RS and RSA with PVA decrease near 0 % owing to complete removal of impurities such as silica. With the same cellulose content (3 wt. %) and addition of binders (binder/cellulose ratio of 30 %), Table 1 shows thermal conductivities of the three rice straw cellulose aerogel samples: without reinforcement agent, with PVA and with cationic starch. RSA-PVA sample has the highest value of conductivity owing to the high thermal conduction of PVA [10] . PRS and RSAcationic starch samples show similar results of conductivity of 0.034 W/mK indicating that a small amount of cationic starch does not affect thermal conductivity of the specimen significantly. connecting to cellulose structure lead to hydrophobicity of samples. In contrast, cation starch also creates hydrogen bonds. However, OH groups remaining on polysaccharide increase the hydrophilicity, furthermore tertiary or quaternary amine groups which are substituted on the starch molecules also have good interaction with water because of their polarity [11] . As shown in Table 2 , the oil amounts adsorbed by the aerogel sample exhibits a decreasing trend with the increase of viscosity of liquid. This is due to the fact that lower viscosity will facilitate the penetration of oil, so with the lowest viscosity, RSA-PVA specimen adsorbs the highest amount of oil (16.09 g/g) whereas it adsorbs the least amount of Oil-3 about 15.66 g/g.
Hydrophobicity
Oil adsorption behavior
CONCLUSIONS
Cellulose aerogels were successfully synthesized from rice straw with and without the addition of binders such as PVA and cation starch. These environmentally-friendly materials are high porosity which is up to 97 %, extremely low thermal conductivity (0.034 -0.036 W/mK), super hydrophobic with WCA exceeding 137 o and good oil adsorption capacity of about 16 g/g. Hence it can be utilized as a green solution to the existing heat insulation and oil spill problems.
